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CLAIMS 

What is claimed is: 

A user interface device to manipulate a position of a cursor 
on\ screen display in an electronic apparatus , comprising: 

a tracking element actuatable to track the position of said 
cursor Vn said screen display; 

at l^ast^ one motor interconnected to said tracking element and 
having a petition encoder connected thereto, each said position 
encoder generkj:ing a motor position signal indicative of the 
position of a respective motor? 

a controller receiving cursor position information from said 
electronic apparatus\and motor position information from a 
respective encoder ; 

a store of force-position information accessible to said 
controller, said controller accessing said store of force-position 
information in response to at \east one of said cursor position 
information and said motor position^ signal to generate, using said 
at least one motor, a positive or negative force in said tracking 
element as a function of a position of s^id cursor on said screen 
display. 



19 2- The user interface device of claim 1 wh^ein said tracking 

2 0 . element is a sphere interfaced to said at least\one motor by at 

21 least two sets of wheels contacting said sphere andVsaid at least 

22 two sets of wheels are aligned on mutually orthogonal\axes . 
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The user interface device of claim 2 wherein each of said at 
le^st two sets of wheels comprises a hub about which a pair of 
frames is disposed and each of said pair of frames includes 
gripping members staggered in a manner so that there is always a 
gripplng\member in contact with said sphere. 



28 4» The useMnterface device of claim 1 wherein said at least one 

29 motor comprises\a plurality of motors and each of said plurality of 

30 motors has an associated complementary motor connected in series. 
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5. The user interf ace\device of claim 1 wherein said at least one 
motor comprises a plurality of motors and each of said plurality of 
motors has an associated complementary bearing* 



6o 



The user interface devi 




claim 1 wherein said at least one 



motor comprises a plurality of motors each interconnected to said 
tracking element by at least one set oK wheels aligned on mutually 
orthogonal axes and configured to sense\or impart motion of the 
tracking element on a respective axis* 



39 7. The user interface device of claim 6 wherein\said plurality of 

40 motors each interconnected to said tracking element\by at least one 

41 set of wheels aligned on mutually orthogonal axes are\:onf igured to 

42 sense or impart motion of the tracking element ok v mutually 

43 orthogonally disposed x and y-axes* 
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^8. The user interface device of claim 7 further including at 
l^ast one set of wheels configured to sense or impart motion of the 
tracking element on a z-axis orthogonally disposed with respect to 
said and y-axes. 
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9. A method of generating tactile responsiveness in a user 
interface device having a tracking element manipulating a position 
of a displayed element on a display screen of an electronic device, 
said method comprising the steps of: 

positioning a plurality of drive/position assemblies along 
mutually orthogonal ax\s with respect to said tracking element, 
each of said plurality o^ drive/position assemblies including a 
motor and an associated encoder ta drive and sense position of said 
tracking element; 

interfacing said user int^r^ce device to said display screen 
via a controller that receives information from said associated 
encoder of each of said plurality of cirive/position assemblies and 
from said electronic device to track movement of said tracking 
element and the position on said display screen of said displayed 
element; 

storing force-position relation information, accessible to 
said controller, as a function of the position \>n the display 
. screen of the displayed element; and 

accessing said force-position information via said\controller 
and generating a signal to each of said plurality of drive/position 
assemblies to effect a positive or negative force to respectively 



- 37 - 



DIKE, BROHSTEIM , 
ROBERTS & CUSHMAN 
TEL (617) 523-3400 
FAX (617) 523-6U0 



69 assist or resist motion of said tracking element depending upon the 

70 position of said displayed element on said display screen. 

71 10, The method of claim 9 wherein said step of positioning a 

72 plurality\of drive/position assemblies further includes positioning 

73 a corresponding plurality of complementary slave assemblies along 

74 corresponding^ mutually orthogonal axes, each of said complementary 

75 slave assemblies being electrically connected in series with a 
7(5^ respective one said plurality of drive/position assemblies „ 



7TJ 11. The method of claim 9 wherein the step of interfacing said 

78M user interface device\to said display screen via said controller 

rs I \ 

5 V \ 

7i5 includes interconnectin^\said electronic device to said controller 

83Bj to send and receive informal 011 ab °ut the position of the displayed 

ru 7 \ 

8|S element on. said display screen between said electronic device and 
\. i \ 

8^ said controller, and interconnecting said plurality of 

S : f drive/position assemblies to said\:ontroller to send said signal to 

84 each of said plurality of drive/position assemblies to effect said 

85 positive or negative force to respectively assist or resist motion 

86 of said tracking element depending upon the position of said 

87 displayed element on said display screen.^ 



88 12 * A user interface device having tactile feedback capabilities, 

89 comprising: 

90 an actuatable member for imparting a tactile\f eedback to a 

91 user of said user interface device; 
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a Ipotor interconnected to said actuatable member; 
a position encoder in communication with said motor, said 
position encoder providing position information of said motor; 

a controller receiving said position information from at least 
said positioi^ encoder; 

a store d€ force-position relation information accessible to 
said controller\ said controller outputting at least one force 
value corresponding to said position information in accordance with 
said store of f orce\position relation information; and 

a drive signal source generating a drive signal to said motor 
in accordance with saidVt least one force value, said drive signal 
causing a force in said ntator to provide said tactile feedback to 



said actuatable member t\ 
actuatable member. 



*ist or resist motion of said 
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13. The user interface device 6t claim 12 further including a 
counter receiving said position information of said motor and 
providing a count to said controller, s^iid controller outputting a 
force value corresponding to said Position information in 
accordance with said store of f orce-positio*i relation information. 



111 14. The user interface device of claim 13 wherein said force value 

112 \ is a digital force value and further including a\digital to analog 

113 converter receiving said digital force value and\conyerting said 

114 digital force value to an analog force signal. 
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115 re. The user interface device of claim 14 further including a 

116 power amplifier receiving said analog force signal and generating 

117 saiov drive signal to said motor in accordance with said at least 

118 one fWe value, said drive signal being proportional to said 

119 analog force signal. 

120 ,16. The admator of claim 12 wherein said controller is a 
120. microprocessorVeceiving said position information on at least one 
lg2 port thereof. \ 

•.: >k , 

cs - \. f\ 
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lj:3 17. The actuator of c^im 16 wherein said microprocessor includes 

1^4 resident erasable programmable read only memory which is used for 

3@5 said store of f orce-position\relation information. 
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lg|6 IB • The actuator of claim 12 wherein said drive signal source is 

127 a current source including a power am|>lifier and said drive signal 

128 is a current provided by said power amprif ier. 
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